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�
$FFHSWHG�IRU�SXEOLFDWLRQ�LQ��-XQH���������
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$EVWUDFW�

%DFNJURXQG��
�7KH�HIIHFW�RI�ODVHUV�LQ�WUHDWLQJ�XQZDQWHG�KDLU�YDULHV�PDUNHGO\�

ZLWK�DQ\�FKDQJH�LQ�SXOVH�FKDUDFWHULVWLFV�RU�LQ�WKH�WUHDWPHQW�
SURJUDP��0DQ\�WUHDWPHQW�SDUDPHWHUV�DQG�UHJLPHQV�KDYH�EHHQ�
UHFRPPHQGHG�DQG�PDQ\�FULWHULD��FOLQLFDO�DQG�KLVWRORJLFDO��KDYH�
EHHQ�VXJJHVWHG�WR�MXGJH�SHUPDQHQF\�RI�WKH�UHVXOWV��

$LP�RI�WKH�ZRUN���
7R�HYDOXDWH�WKH�KDLU�IROOLFOH�VWHP�FHOOV�DQG�KDLU�PDWUL[�FHOOV�

XQGHU�WKH�HIIHFW�RI�GLIIHUHQW�SDUDPHWHU�VHWWLQJV�RI�KDLU�UHPRYDO�
ODVHUV��

0DWHULDO�DQG�PHWKRGV��
�7HQ�KHDOWK\�DGXOW�IHPDOHV��PHDQ�DJH������\HDUV����������ZHUH�

VXEMHFWHG�WR�WUHDWPHQW�RI�D[LOODU\�KDLU�E\���GLIIHUHQW�SURJUDPV�RI�
KDLU�UHPRYDO�ODVHU��DOH[DQGULWH�RU�1G�<$*�ODVHUV��DW�GLIIHUHQW�VSRW�
VL]HV������������	����PP��DQG�DW�GLIIHUHQW�SXOVH�GXUDWLRQV���������
���DQG�����PLOOLVHFRQGV����2QH�SURJUDP�IRU�HDFK�RQH�RI���
TXDGUDQWV�RI�WKH�ERWK�D[LOODH�ZLWK�WKH��WK�TXDGUDQW�OHIW�XQWUHDWHG���
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&OLQLFDO�HYDOXDWLRQ�ZDV�GRQH���ZHHNV�DQG���PRQWKV�DIWHU���
VHVVLRQV��,PPXQRKLVWRFKHPLFDO�VNLQ�H[DPLQDWLRQ�ZDV�GRQH�IRU�
F\WRNHUDWLQ�����&.������Y��KDLU�IROOLFOH�VWHP��FHOOV�DQG�/()����YH�
�KDLU�PDWUL[��FHOOV���ZHHNV�DIWHU���VHVVLRQV��

5HVXOWV���
$OO�SURJUDPV�FRXOG�VKRZ�VWDWLVWLFDOO\�VLJQLILFDQW�UHGXFWLRQ�RI�

KDLU�RQ�ERWK�IROORZ�XS�YLVLWV�DV�ZHOO�DV�VLJQLILFDQW�UHGXFWLRQ�RI�
/()���VFRUH�DQG�&.����VFRUH�DV�HYDOXDWHG���ZHHNV�DIWHU���
VHVVLRQV��6LJQLILFDQWO\�OHVV�UHVXOWV�FRXOG�EH�VHHQ�ZLWK�VPDOOHU�VSRW�
VL]H�RI����PP�DQG�ZLWK����PLOOLVHFRQG�SXOVH�GXUDWLRQ��7KHUH�ZDV�
SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�FOLQLFDO�UHVXOWV�RQ�ERWK�YLVLWV��/()���
VFRUH�VKRZHG��YH�FRUUHODWLRQ�ZLWK�ERWK�FOLQLFDO��HDUO\�DQG�ODWH��
VFRUHV�EXW�PRUH�ZLWK�WKH�VKRUW�WHUP�FOLQLFDO�VFRUH��&.����VFRUH�
VKRZHG�VWURQJ��YH�FRUUHODWLRQ�ZLWK�ERWK�FOLQLFDO�VFRUHV�DQG�SRVLWLYH�
FRUUHODWLRQ�ZLWK�/()���VFRUH��

&RQFOXVLRQ��
�+DLU�IROOLFOH�VWHP�FHOOV�DUH�LPSRUWDQW�WDUJHWV�IRU�WKH�HIILFDF\�

RI�KDLU�UHPRYDO�ODVHUV��(YDOXDWLRQ�RI�KDLU�IROOLFOH�VWHP�FHOOV�UDWKHU�
WKDQ�KDLU�PDWUL[�FHOOV�FDQ�UHSUHVHQW�D�UHOLDEOH�SUHGLFWRU�RI�ORQJ�
ODVWLQJ�FOLQLFDO�UHVXOWV��

,QWURGXFWLRQ�
,Q�WKH�ODVW�GHFDGH��ODVHU�DQG�OLJKW�EDVHG�WHFKQRORJ\�IRU�KDLU�

UHPRYDO�EHFDPH�RQH�RI�WKH�IDVWHVW�JURZLQJ�SURFHGXUHV�LQ�PRGHUQ�
FRVPHWLF�GHUPDWRORJ\�>�@�/LJKW�WKHUDS\�FDQ�EH�XVHG�WR�GHVWUR\�KDLU�
IROOLFOHV�E\�RQH�RI�VHYHUDO�PHFKDQLVPV��WKHUPDO��GXH�WR�ORFDO�
KHDWLQJ���PHFKDQLFDO��GXH�WR�VKRFN�ZDYHV�RU�YLROHQW�FDYLWDWLRQV���RU�
SKRWRFKHPLFDO��GXH�WR�JHQHUDWLRQ�RI�WR[LF�PHGLDWRUV�OLNH�VLQJOHW�
R[\JHQ�RU�IUHH�UDGLFDOV���+DLU�UHPRYDO�KDV�EHHQ�DWWHPSWHG�XVLQJ�
HDFK�RI�WKHVH�WKUHH�PHDQV�>�����@�

7KH�WKHUPDO�PHFKDQLVP�HPSOR\HG�IRU�KDLU�UHPRYDO�E\�
ODVHU�OLJKW�EDVHG�V\VWHPV�LV�EDVHG�RQ�WKH�SULQFLSOH�RI�VHOHFWLYH�
SKRWRWKHUPRO\VLV��$FFRUGLQJ�WR�WKLV�SULQFLSOH��VHOHFWLYH�WKHUPDO�
GHVWUXFWLRQ�RI�D�WDUJHW�ZLOO�RFFXU�LI�VXIILFLHQW�HQHUJ\�LV�GHOLYHUHG�DW�
D�ZDYHOHQJWK�ZHOO�DEVRUEHG�E\�WKH�WDUJHW�ZLWKLQ�D�WLPH�SHULRG�OHVV�
WKDQ�RU�HTXDO�WR�WKH�WKHUPDO�UHOD[DWLRQ�WLPH��757��RI�WKH�WDUJHW��
8QGHU�WKHVH�FRQGLWLRQV��LW�LV�SRVVLEOH�WR�VHOHFWLYHO\�WDUJHW�WKH�
LQWHQGHG�VWUXFWXUH��H�J��WKH�KDLU�IROOLFOH��ZKLOH�VSDULQJ�WKH�
VXUURXQGLQJ�WLVVXHV�>�@�

,Q�WKH�YLVLEOH�WR�QHDU�LQIUDUHG�UHJLRQ��PHODQLQ�LV�WKH�QDWXUDO�
FKURPRSKRUH�IRU�WDUJHWLQJ�KDLU�IROOLFOHV��/DVHUV�RU�OLJKW�VRXUFHV�WKDW�
RSHUDWH�LQ�WKH�UHG�RU�QHDU�LQIUDUHG�ZDYHOHQJWK�UHJLRQ�DOO�OLH�LQ�DQ�
RSWLFDO�ZLQGRZ�RI�WKH�VSHFWUXP�LQ�ZKLFK�VHOHFWLYH�DEVRUSWLRQ�E\�
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PHODQLQ�LV�FRPELQHG�ZLWK�GHHS�SHQHWUDWLRQ�LQWR�WKH�GHUPLV��
7KHUHIRUH��GHHS�DQG�VHOHFWLYH�KHDWLQJ�RI�WKH�KDLU�VKDIW��WKH�KDLU�
IROOLFOH�HSLWKHOLXP��DQG�WKH�KHDYLO\�SLJPHQWHG�PDWUL[�LV�SRVVLEOH�LQ�
WKH������WR������QP�UHJLRQ��+RZHYHU��PHODQLQ�LQ�WKH�HSLGHUPLV�
SUHVHQWV�D�FRPSHWLQJ�VLWH�IRU�DEVRUSWLRQ��7R�REWDLQ�VSDWLDO�
FRQILQHPHQW�RI�WKHUPDO�GDPDJH��WKH�SXOVH�GXUDWLRQ�VKRXOG�EH�
VKRUWHU�WKDQ��RU�HTXDO�WR��WKH�WKHUPDO�UHOD[DWLRQ�WLPH�RI�WKH�KDLU�
IROOLFOH�EXW�ORQJHU�WKDQ�WKDW�RI�VXUIDFH�HSLGHUPLV��DERXW���
PLOOLVHFRQGV���7KHUPDO�UHOD[DWLRQ�WLPH�RI�KXPDQ�WHUPLQDO�KDLU�
IROOLFOHV�KDV�QHYHU�EHHQ�PHDVXUHG��EXW�LV�HVWLPDWHG�WR�EH�
DSSUR[LPDWHO\��������PLOOLVHFRQGV��GHSHQGLQJ�RQ�IROOLFXODU�VL]H��
7KHUHIRUH��PRVW�GHYLFHV�IRU�KDLU�UHPRYDO�KDYH�SXOVH�GXUDWLRQV�LQ�
WKH������PLOOLVHFRQG�UDQJH��6HOHFWLYH�FRROLQJ�RI�WKH�HSLGHUPLV�KDV�
EHHQ�DOVR�DSSOLHG�WR�PLQLPL]H�HSLGHUPDO�LQMXU\�>�����@�

$V�WKH�WDUJHW�LV�PHODQLQ��WKH�IROOLFOH�PXVW�EH�WUHDWHG�LQ�WKH�
DQDJHQ�F\FOH��,W�LV�GXULQJ�WKH�DQDJHQ�SKDVH�WKDW�PHODQLQ�SURGXFWLRQ�
RFFXUV�DQG�EHFRPHV�SDUW�RI�WKH�JURZLQJ�IROOLFOH�>�@�,Q�HDUO\�DQDJHQ�
�LQ�SDUWLFXODU���WKH�EXOE�LV�ZHOO�PHODQL]HG�DQG�VWLOO�IDLUO\�
VXSHUILFLDO��7KLV�UHSUHVHQWV�WKH�EHVW�WLPLQJ�IRU�WUHDWPHQW�E\�
ODVHU�>�@�

+RZHYHU��WKH�EXOJH�DFWLYDWLRQ�K\SRWKHVLV�PDLQWDLQV�WKDW�WKH�
EXOJH�DUHD�RI�WKH�RXWHU�URRW�VKHDWK�QHDU�WKH�HUHFWRU�SLOL�PXVFOH�
LQVHUWLRQ�FRQWDLQV�SOXULSRWHQWLDO�FHOOV��ZKLFK�FRQWULEXWH�WR�WKH�QHZ�
KDLU�PDWUL[�ZKHQ�LQGXFHG�E\�WKH�GHUPDO�SDSLOODH�GXULQJ�WKH�ODWH�
WHORJHQ�SKDVH�>�@�7KXV��WR�DFKLHYH�ORQJ�WHUP�KDLU�UHPRYDO��LW�LV�
HVVHQWLDO�WR�GHVWUR\�WKH�VWUXFWXUHV�WKDW�DUH�UHVSRQVLEOH�IRU�KDLU�
JURZWK��WKH�EXOJH�DQG�EXOE�>�@�

7KLV�KDV�SDYHG�WKH�ZD\�IRU�WKH�HPHUJHQFH�RI�WKH�VR�FDOOHG�
SURSDJDWLRQ�WKHRU\�DQG�WKH�FRQFHSW�RI�WKHUPDO�GDPDJH�WLPH��6LQFH�
WKH�PHODQLQ�RFFXSLHV�D�PXFK�VPDOOHU�YROXPH�FRPSDUHG�ZLWK�WKH�
IROOLFOH��KHDW�LV�FRQGXFWHG�IURP�WKH�PHODQLQ�ULFK�VKDIW�DQG�WKH�
PHODQL]HG�SRUWLRQ�RI�WKH�EXOE�WR�WKH�VXUURXQGLQJ�VWUXFWXUHV�
DFFRUGLQJ�WR�WKH�ODZV�RI�WKHUPDO�GLIIXVLRQ��$V�LW�KDV�EHHQ�
GHPRQVWUDWHG�WKDW�WKH�PRVW�LPSRUWDQW�WDUJHWV�IRU�SHUPDQHQW�KDLU�
UHPRYDO��L�H��WKH�VWHP�FHOOV��DUH�ORFDWHG�DW�WKH�RXWHU�URRW�VKHDWK�RI�
WKH�IROOLFOH�DW�D�GLVWDQFH�IURP�WKH�KDLU�VKDIW��DQG�IURP�WKH�EDVH�RI�
WKH�IROOLFOH��UHFRQVLGHUDWLRQ�DV�WR�WKH�DSSURSULDWH�ODVHU�SDUDPHWHUV�
SDUWLFXODUO\�SXOVH�ZLGWK�DQG�HQHUJ\�GHQVLW\�KDV�EHHQ�UHFRPPHQGHG�
WR�DOORZ�IRU�WKH�SURSDJDWLRQ�RI�WKH�WKHUPDO�GDPDJH�WKURXJK�WKH�
HQWLUH�IROOLFXODU�YROXPH��7KLV�WDNHV������WLPHV�ORQJHU�WKDQ�WKH�
WKHUPDO�UHOD[DWLRQ�WLPH�RI�WKH�KDLU�IROOLFOH���7KLV�GXUDWLRQ�LV�
UHIHUUHG�WR�DV�WKH�WKHUPDO�GDPDJH�WLPH�RU�7'7���,W�KDV�EHHQ�WKH�
EDVLV�RI�WKH�QHZ�WHFKQRORJ\�RI�VXSHUORQJ�ODVHUV�DV�D�PHWKRG�RI�
PRUH�SHUPDQHQW�KDLU�UHGXFWLRQ�>�����@�

6R��WKHUH�VHHPV�WR�EH�VRPH�VRUW�RI�FRQWURYHUV\�DV�UHJDUGV�WKH�
PHFKDQLVP�RI�DFWLRQ�RI�ODVHU�DQG�WKH�VWUXFWXUH�V��WR�WDUJHW��7KLV�KDV�
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EHHQ�UHIOHFWHG�RQ�WKH�FKDUDFWHULVWLFV�RI�ODVHU�LQYHQWHG�IRU�WKH�
SXUSRVH�RI�KDLU�WUHDWPHQW�DQG�DOVR�RQ�WKH�SDUDPHWHUV�UHFRPPHQGHG�
IRU�EHWWHU�HIILFDF\��,Q�IDFW��D�ORW�RI�YDULDEOHV�KDYH�WR�EH�DGGUHVVHG�
RQ�WUHDWLQJ�DQ\�SDWLHQW�ZLWK�HSLODWRU\�ODVHUV��6RPH�DUH�SHUWDLQLQJ�WR�
WKH�ODVHU�LWVHOI�H�J��SXOVH�FKDUDFWHULVWLFV��VSRW�VL]H��ZDYH�OHQJWK��
GXUDWLRQ�DQG�LQWHQVLW\���RWKHUV�WR�WKH�WUHDWPHQW�SURWRFRO��H�J��
WLPLQJ��IUHTXHQF\�DQG�WRWDO�QXPEHU�RI�VHVVLRQV��LQ�DGGLWLRQ�WR�WKH�
SDWLHQW�YDULDEOHV��H�J��FRORU�RI�WKH�VNLQ��FRORU�DQG�WKLFNQHVV�RI�WKH�
KDLU��RWKHU�ELRSK\VLFDO�WLVVXH�FKDUDFWHULVWLFV��DQDWRPLF�DUHD��DJH���
VH[��DQG�KRUPRQDO�SURILOH��>�@�3XWWLQJ�LQ�FRQVLGHUDWLRQ�WKH�ODUJH�
QXPEHU�RI�YDULDEOHV�WR�GHDO�ZLWK�DQG�DOVR�WKH�QRW�\HW�VHWWOHG�QDWXUH�
RI�PHFKDQLVP�RI�DFWLRQ��QR�HDV\�FRQFOXVLRQV�FDQ�EH�PDGH�DQG�WKH�
QHHG�LV�DOZD\V�WKHUH�IRU�DQ�REMHFWLYH�ZD\�WR�DVVHVV�WKH�YDOLGLW\�RI�
WKHRUHWLFDO�SRVWXODWLRQV�DQG�WR�HYDOXDWH�WKH�HIILFDF\�RI�DQ\�
UHFRPPHQGHG�WUHDWPHQW�UHJLPHQ��

7KH�DLP�RI�WKH�VWXG\�ZDV�WR�HYDOXDWH�WKH�HIIHFW�RI�YDULDWLRQ�LQ�
SXOVH�FKDUDFWHULVWLFV�RQ�WKH�FOLQLFDO�RXWFRPH��VKRUW�DQG�PLG�WHUP��
DQG�WR�DVVHVV�WKH�FRUUHODWLRQ�EHWZHHQ�FOLQLFDO�UHVXOWV�DQG�WKH�
DEODWLYH�HIIHFW�RQ�KDLU�PDWUL[�DQG��KDLU�IROOLFOH�VWHP�FHOOV�

0DWHULDO�$QG�PHWKRGV�
7HQ�DGXOW�IHPDOHV�KDYH�EHHQ�LQFOXGHG�LQ�WKH�VWXG\��([FOXGHG�

IURP�WKH�VWXG\�ZHUH�VNLQ�SKRWRW\SH�9�RU�9,��FDVHV�ZLWK�UHFHQW�VXQ�
WDQ��VXEMHFWV�EHORZ�WKH�DJH�RI����RU�DERYH����\HDUV��SKRWRVHQVLWLYH�
SDWLHQWV�RU�WKRVH�RQ�SKRWRDFWLYH�PHGLFDWLRQV��FDVHV�ZLWK�SUHYLRXV�
DWWHPSWV�RI�WUHDWPHQW��SDWLHQWV�VXIIHULQJ�IURP�PDMRU�V\VWHPLF�RU�
FXWDQHRXV�LOOQHVV��SUHJQDQW�ODGLHV��SDWLHQWV�ZLWK�FOLQLFDO�	�RU�
ODERUDWRU\�HYLGHQFH�RI�KRUPRQDO�WURXEOHV�RU�RI�SRO\F\VWLF�RYDULHV��
FDVHV�ZLWK�SRVLWLYH�SHUVRQDO�RU�IDPLO\�KLVWRU\�RI�PHODQRPD�DQG�
WKRVH�ZLWK�NHORLGDO�WHQGHQF\��,Q�DGGLWLRQ�RQO\�SDWLHQWV�ZLWK�FRDUVH��
GHQVH�DQG�EODFN�D[LOODU\�KDLU�RFFXS\LQJ�D�IDLUO\�ODUJH�VXUIDFH�DUHD�
ZHUH�DFFHSWHG�LQ�WKH�VWXG\��

7KH�PDWHULDO�RI�WKH�VWXG\�KDV�EHHQ�VXEMHFWHG�WR���VHVVLRQV�RI�
D[LOODU\�KDLU�WUHDWPHQW�E\�ODVHU�DW���ZHHN�LQWHUYDO��DIWHU�LQIRUPHG�
FRQVHQW���

,Q�HDFK�FDVH��IRXU�TXDUWHUV�KDYH�EHHQ�PDUNHG�RQ�WKH�KDLU�
EHDULQJ�DUHD�RI�HDFK�D[LOOD�ZLWK�D�ZKLWH�LQGLFDWRU�SHQFLO��,GHQWLFDO�
PDUNLQJ�LQ�WKH�WZR�ODVHU�VHVVLRQV�DV�ZHOO�DV�EHIRUH�FOLQLFDO�VFRULQJ�
DQG�RQ�WDNLQJ�ELRSVLHV�ZDV�LQVXUHG�E\�WKH�XVH�RI�D�SUHPDGH�
WHPSODWH�DSSOLHG�LQ�IL[HG�UHODWLRQ�WR�WKH�UHJLRQDO�DQDWRPLF�
ERXQGDULHV�RU�WR�VRPH�DOUHDG\�H[LVWLQJ�FXWDQHRXV�ODQGPDUNV��H�J��
QHYXV�RU�VFDU��DQG�DLGHG�E\�GLJLWDO�SKRWRJUDSK\�XQGHU�VWDQGDUG�
FRQGLWLRQV�RI�LOOXPLQDWLRQ�DQG�DQJOHV�RI�H[SRVXUH��

2QH�TXDUWHU�LQ�HDFK�FDVH�ZDV�OHIW�ZLWKRXW�WUHDWPHQW��DV�D�
FRQWURO��ZKLOH�HDFK�RQH�RI�WKH�RWKHU���TXDGUDQWV�ZDV�VXEMHFWHG�WR�
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RQH�RI�WKH�IROORZLQJ���SDUDPHWHU�VHWWLQJV��RU�SURJUDPV���
$W�����QP��ZDYH�OHQJWK���
������PP��VSRW�VL]H������PLOOLVHFRQGV��SXOVH�GXUDWLRQ���������

M�FP���IOXHQFH��
������PP��VSRW�VL]H������PLOOLVHFRQGV���������M�FP � �
������PP��VSRW�VL]H�������PLOOLVHFRQGV���������M�FP � �
������PP��VSRW�VL]H�������PLOOLVHFRQGV������M�FP � �
������PP��VSRW�VL]H������PLOOLVHFRQGV���������M�FP � �
$W������QP��ZDYH�OHQJWK���
������PP��VSRW�VL]H������PLOOLVHFRQGV���������M�FP � �
�����PP��VSRW�VL]H��������PLOOLVHFRQGV����������M�FP � �
7KH�PDFKLQHV�XVHG�ZHUH�*HQWOH�ODVH�SOXV��&DQGHOD�&RUS���

:D\ODQG��0$��86$���$SRJHH������DQG�$SRJHH�(OLWH��&\QRVXUH��
:HVWIRUG��0$��86$���

&RROLQJ�ZDV�GRQH�ZLWK�G\QDPLF�FRROLQJ�GHYLFH��'&'��RU�
FRQWLQXRXV�FROG�DLU�FXUUHQW��&U\R���RU�6PDUWFRRO���&\QRVXUH��
:HVWIRUG��0$��86$���

3URWRFRO�RI�WUHDWPHQW�ZDV�DV�IROORZV��QR�HSLODWLRQ�IRU���ZHHNV��
QR�EOHDFKLQJ�IRU���ZHHNV��SUHWUHDWPHQW�VKDYLQJ��UHPRYDO�RI�
GHRGRUDQWV�DQG�RWKHU�FUHDPV��PDUNLQJ��VLQJOH�SXOVH�SHU�VSRW��QR�
RYHUODS��SRVW�RSHUDWLYH�DSSOLFDWLRQ�RI�VRRWKLQJ�FUHDP�SOXV�XVXDO�
SRVW�RSHUDWLYH�LQVWUXFWLRQV��

7KH�DUHDV�WUHDWHG�ZHUH�HYDOXDWHG�FOLQLFDOO\��IRU�KDLU�GHQVLW\�
DQG�WKLFNQHVV��ZKHUH�HDFK�FULWHULRQ�ZDV�JLYHQ�D�VFRUH�RI���WR���DQG�
WKH�DYHUDJH�RI�HDFK�RI�WKHVH�WZR�VFRUHV�ZDV�FDOFXODWHG�IRU�WKH����
TXDGUDQWV�FRUUHVSRQGLQJ�WR�HDFK�SURJUDP��7KH�PXOWLSOLFDWLRQ�
SURGXFW�RI�WKH���VFRUHV�ZDV�GHVLJQDWHG�DV�WKH�RYHUDOO�FOLQLFDO�VFRUH��
7KLV�KDV�EHHQ�FDOFXODWHG�LQLWLDOO\�DV�ZHOO�DV���ZHHNV�DQG���PRQWKV�
DIWHU�WKH�ODVW����QG��VHVVLRQ��

$�VPDOO�HOOLSWLFDO�ELRSV\�ZDV�WDNHQ�IURP�HDFK�TXDGUDQW���
ZHHNV�DIWHU�WKH��QG�VHVVLRQ��

7KH�VNLQ�VSHFLPHQV�ZHUH�LPPHGLDWHO\�IL[HG�LQ�����QHXWUDO�
IRUPDOLQ�DQG�HPEHGGHG�LQ�SDUDIILQ�EORFNV�IRU�VXEVHTXHQW�VWDLQLQJ��
7KH�SDUDIILQ�EORFNV�ZHUH�FXW�LQWR����VHULDO���XP�VHFWLRQV�DQG�HYHU\�
WKLUG�VHFWLRQ�ZDV�VXEMHFWHG�WR�LPPXQRKLVWRFKHPLFDO�VWDLQLQJ�XVLQJ�
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PRQRFORQDO�DQWLERGLHV�DJDLQVW�/()����DV�D�PDUNHU�RI�KDLU�PDWUL[�
FHOOV�>��@��$%&$0���&DPEULGJH���8.��RU�PRQRFORQDO�DQWLERGLHV�
DJDLQVW�F\WRNHUDWLQ�����DV�D�PDUNHU�RI�KDLU�IROOLFOH�VWHP�FHOOV�>��@�
�$%&$0���&DPEULGJH���8.���7KH�SURFHGXUH�ZDV�GRQH�DFFRUGLQJ�
WR�WKH�PDQXIDFWXUHU�LQVWUXFWLRQV��7KUHH�VHFWLRQV�IURP�HDFK�ELRSV\�
ZHUH�DOVR�VWDLQHG�ZLWK�KHPDWR[\OLQ�DQG�HRVLQ�VWDLQ�IRU�URXWLQH�
KLVWRSDWKRORJLF�H[DPLQDWLRQ��

,PPXQRKLVWRFKHPLVWU\��
L��)RXU�PLFURQ�WKLFN�WLVVXH�VHFWLRQV�FXW�IURP�WKH�UHSUHVHQWDWLYH�

SDUDIILQ�HPEHGGHG�WLVVXH�EORFNV��RYHUODLG�RQ�$3(6��6LJPD��6W��
/RXLV��86$��FRDWHG�VOLGHV��ZHUH�GHSDUDIILQL]HG����FKDQJHV�RI�
[\OHQH�;���PLQXWHV�HDFK����FKDQJH�RI�DFHWRQH�;���PLQ��IROORZHG�
E\�UHK\GUDWLRQ�LQ�GHFUHDVLQJ�HWKDQRO�FRQFHQWUDWLRQV������HWKDQRO�
;���PLQV������HWKDQRO�;���PLQV��GLVWLOOHG�ZDWHU�;���PLQ���

LL��)RU�VWDLQLQJ�ZLWK�DOO�WKH�DQWLERGLHV��WKH�WLVVXH�VHFWLRQV�ZHUH�
VXEMHFWHG�WR�DQWLJHQ�XQPDVNLQJ�E\�KHDWLQJ�WKH�VHFWLRQV�LPPHUVHG�
LQ����P0�FLWUDWH�EXIIHU�S+����������JPV�RI�DQK\GURXV�FLWULF�DFLG�
FU\VWDOV�GLVVROYHG�LQ��/�RI�GLVWLOOHG�ZDWHU�DQG�S+�DGMXVWHG�WR������
LQVLGH�D�����ZDWW�PLFURZDYH�RYHQ�LQ�IXOO�SRZHU�IRU����PLQXWHV��
DOORZHG�WR�FRRO�WR�URRP�WHPSHUDWXUH�WKHQ�ZDVKHG�EULHIO\�ZLWK������
0�7ULV�+FO�EXIIHU�S+������

LL��(QGRJHQRXV�SHUR[LGDVH�DFWLYLW\�ZDV�WKHQ�TXHQFKHG�E\�
LPPHUVLQJ�WKH�VHFWLRQV�LQ�PHWKDQROLF�+ � 2� ����SDUW����+ � 2� �SOXV���
SDUWV�DEVROXWH�PHWKDQRO��IRU����PLQXWHV��$IWHU�EULHI�ULQVLQJ��WKH�
VHFWLRQV�ZHUH�SODFHG�LQ������0�7ULV�+FO�EXIIHU�S+�����IRU����
PLQXWHV��

LLL��6HFWLRQV�ZHUH�WKHQ�RYHUODLG�ZLWK�DGHTXDWH�DPRXQW�RI�
SULPDU\�DQWLERG\�GLOXWHG�RSWLPDOO\�XVLQJ������0�7ULV�+FO�EXIIHU�
S+�����FRQWDLQLQJ����ERYLQH�VHUXP�DOEXPLQ��6LJPD��6W��/RXLV��
86$��IROORZHG�E\�LQFXEDWLRQ�DW���&�RYHUQLJKW��

LY��7KH�VOLGHV�ZHUH�WKHQ�ZDVKHG�ZLWK�WKUHH�FKDQJHV����PLQV�
HDFK��RI������0�7ULV�+FO�EXIIHU�S+�����IROORZHG�E\�LQFXEDWLRQ�IRU�
���PLQXWHV�DW�URRP�WHPSHUDWXUH�DIWHU�DSSOLFDWLRQ�RI�ELRWLQ\ODWHG�
VHFRQGDU\��OLQN��DQWLERG\�LQ�SKRVSKDWH�EXIIHUHG�VDOLQH�FRQWDLQLQJ�
FDUULHU�SURWHLQ�DQG����P0�VRGLXP�D]LGH��/6$%�3OXV�.LW��'$.2��
'HQPDUN���

Y��$IWHU�WKUHH�ZDVKLQJV����PLQV�HDFK��LQ�7ULV�+FO�EXIIHU��
SHUR[LGDVH�FRQMXJDWHG�VWUHSWDYLGLQ�ZDV�DSSOLHG�WR�FRYHU�WKH�
VSHFLPHQV�DQG�LQFXEDWHG�DW�URRP�WHPSHUDWXUH�IRU����PLQXWHV��

YL��6OLGHV�ZHUH�ULQVHG�ZLWK���FKDQJHV�RI�7ULV�+FO�EXIIHU�IRU���
PLQV�HDFK��6HFWLRQV�ZHUH�WKHQ�FRYHUHG�ZLWK�VXEVWUDWH�FKURPRJHQ�
VROXWLRQ�SUHSDUHG�IUHVKO\�E\�GLVVROYLQJ���PJ�RI����"���
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GLDPLQREHQ]LGLQH�WHWUDK\GURFKORULGH��6LJPD��6W��/RXLV��86$��LQ���
PO�RI������0�7ULV�+FO�EXIIHU�S+�����FRQWDLQLQJ���"O�RI�K\GURJHQ�
SHUR[LGH��7KH�VOLGHV�ZHUH�LQFXEDWHG�DW�URRP�WHPSHUDWXUH�IRU���WR�
���PLQXWHV�XQGHU�PLFURVFRSLF�FRQWURO�WLOO�WKH�RSWLPDO�GHYHORSPHQW�
RI�EURZQ�FRORUHG�SHUR[LGDVH�UHDFWLRQ�SURGXFW��

YLL��$IWHU�ULQVLQJ�LQ�GLVWLOOHG�ZDWHU��WKH�VHFWLRQV�ZHUH�OLJKWO\�
FRXQWHUVWDLQHG�ZLWK�+DUULV
�KHPDWR[\OLQ��IROORZHG�E\�PRXQWLQJ�
ZLWK�FRYHU�VOLSV�ZLWK�'3;�DV�PRXQWLQJ�PHGLXP��

YLLL��3UHFDXWLRQ�ZDV�WDNHQ�VR�WKDW�GU\LQJ�RI�WLVVXH�VHFWLRQV�
VWULFWO\�GLG�QRW�RFFXU�DW�DQ\�WLPH�GXULQJ�WKH�HQWLUH�SURFHGXUH�RI�
LPPXQRVWDLQLQJ��$OO�LQFXEDWLRQV�ZHUH�GRQH�LQVLGH�KXPLG�
FKDPEHUV��

L[��&RQWUROV��'XULQJ�HDFK�EDWFK�RI�VWDLQLQJ��SRVLWLYH�DQG�
QHJDWLYH�FRQWUROV�DSSURSULDWH�IRU�WKH�SDUWLFXODU�DQWLERG\�ZHUH�
LQFRUSRUDWHG��

3ULPDU\�DQG�VHFRQGDU\�DQWLERGLHV�XVHG�LQ�WKH�VWXG\�DUH�VKRZQ�
LQ�WDEOH�����
��

�U\��DQWLERG\� �U\��DQWLERG\�$QWLJHQ�
�������	� ��� 
���
��	� ����
���� ����� �����	� �������	� ��� ��� � ��� � ��
 ����
���� ����� �����	�

&.���� 0RXVH�������$EFDP
� 5DEELW�����������$EFDP�
/()��� 5DEELW���

J�PO�
$EFDP� *RDW� ����������$EFDP�


$EFDP��&DPEULGJH��8.�
7DEOH������3ULPDU\�DQG�VHFRQGDU\�DQWLERGLHV�XVHG�LQ�WKH�VWXG\��

��
6FRULQJ�PHWKRG��
7KH�VWDLQHG�VHFWLRQV�ZHUH�H[DPLQHG�XQGHU�WKH�;����;�����

;����DQG�;����PDJQLILFDWLRQ�OHQV�RI�OLJKW�PLFURVFRS\�HTXLSSHG�
ZLWK�6,6�LPDJH�DQDO\VLV�FRPSXWHU�V\VWHP��)RU�HDFK�PDUNHU��
LPPXQRUHDFWLYLW\�ZDV�GHWHUPLQHG�XVLQJ�D�VHPLTXDQWLWDWLYH�PHWKRG�
LQ�ZKLFK�WKH�H[WHQW�DQG�LQWHQVLW\�RI�VWDLQLQJ�ZDV�DVVHVVHG�RQ�D�
VFRUH�RI���WR���ZKLOH�WKH�ZHLJKWHG�VFRUH�ZDV�WKH�PXOWLSOLFDWLRQ�
SURGXFW�RI�WKHVH�WZR�VFRUHV��7KH�DYHUDJH�RI�ZHLJKWHG�VFRUH�RI�WKH�
���VHFWLRQV�H[DPLQHG�IRU�HDFK�ELRSV\�ZDV�WKHQ�FDOFXODWHG��7KH�
ORFDWLRQ�DQG�SDWWHUQ�RI�VWDLQLQJ�ZHUH�DOVR�UHFRUGHG��$FFRUGLQJ�WR�
WKH�GHJUHH�RI�UHGXFWLRQ�LQ�WKH�DYHUDJH�VFRUH��D�ILQDO�JUDGH�ZDV�
JLYHQ�WR�HDFK�ELRSV\�DFFRUGLQJ�WR�WKH�IROORZLQJ�UXOH��������
UHGXFWLRQ� �����������UHGXFWLRQ� ������������UHGXFWLRQ� ����������
��UHGXFWLRQ� ������������UHGXFWLRQ� ������������UHGXFWLRQ� ����
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��������UHGXFWLRQ� ������������UHGXFWLRQ� ������������UHGXFWLRQ�
 ������������UHGXFWLRQ� �������������UHGXFWLRQ� �������������
UHGXFWLRQ� �������������UHGXFWLRQ� �������������UHGXFWLRQ� �����
�������UHGXFWLRQ� �������������UHGXFWLRQ� ������������UHGXFWLRQ�
 �������������UHGXFWLRQ� �������������UHGXFWLRQ� ��������������
UHGXFWLRQ� �����7KH�RYHUDOO�DYHUDJH�JUDGH�IRU�HDFK�VHW�RI�
SDUDPHWHUV��RU�SURJUDP��LQ�WKH�ZKROH�SDWLHQW�JURXS�ZDV�WKHQ�
FDOFXODWHG�DQG�FRPSDUHG�ZLWK�WKDW�RI�XQWUHDWHG�FRQWURO�DUHDV��

6WDWLVWLFDO�DQDO\VLV��
&RPSDUDWLYH�DQDO\VLV�EHWZHHQ�WZR�JURXSV�ZDV�GRQH�WKURXJK�

XQSDLUHG�7�WHVW�XVLQJ�JUDSKSDG�VRIWZDUH�GRZQORDGHG�IURP�WKH�
ZHEVLWH��KWWS���ZZZ�JUDSKSDG�FRP�TXLFNFDOFV�WWHVW��FIP>��@�

&RUUHODWLRQ�EHWZHHQ�GLIIHUHQW�SDUDPHWHUV�ZDV�GRQH�WKURXJK�
JUDSKSDG�VRIWZDUH�GRZQORDGHG�IURP�WKH�ZHEVLWH��
KWWS���FDOFXODWRUV�VWDW�XFOD�HGX�FRUUHODWLRQ�SKS>��@�

5HVXOWV�
7KH�VWXG\�LQFOXGHG����KHDOWK\�IHPDOHV�RI�VNLQ�SKRWRW\SH�,,����

FDVHV��������W\SH�,,,����FDVHV�������DQG�W\SH�,9����FDVHV��������
ZLWK�WKH�DJH�UDQJLQJ�EHWZHHQ����DQG����\HDUV��PHDQ���������������

7KH�UHVXOWV�RI�FOLQLFDO�DVVHVVPHQW�IRU�KDLU�UHGXFWLRQ��HYDOXDWHG�
��ZHHNV�DQG���PRQWKV�DIWHU���VHVVLRQV��DUH�VKRZQ�LQ�WDEOHV����D��E��
	F��7KH�GLIIHUHQW�SURJUDPV�VKRZHG�VWDWLVWLFDOO\�VLJQLILFDQW�
UHGXFWLRQ�LQ�WKH�HDUO\�DQG�ODWH�FOLQLFDO�VFRUHV��S���������7KH�
FOLQLFDO�UHVXOWV�ZHUH�PRUH�RU�OHVV�FRPSDUDEOH�IRU�GLIIHUHQW�
SDUDPHWHUV�VHWWLQJV�H[FHSW�IRU�WKH�SURJUDPV�QXPEHU���DQG���ZKLFK�
JDYH�VLJQLILFDQWO\�OHVV�KDLU�UHGXFWLRQ�DW�WKH�ILUVW�IROORZ�XS�YLVLW�
DIWHU���ZHHNV��DQG�IRU�SURJUDP���RQO\�DW�WKH�VHFRQG�IROORZ�XS�YLVLW�
�DIWHU���PRQWKV���
��

�
�
�
�
�
�
�
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7KH�ILJXUHV�UHIHU�WR�WKH�DYHUDJH�KDLU�VFRUH�IRU�DOO����DUHDV�WUHDWHG�
E\�WKH�FRUUHVSRQGLQJ�SURJUDP��RQH�DUHD�SHU�FDVH�;����FDVHV��


$W�WKH�VWDUW�RI�WUHDWPHQW��DOO�DUHDV�ZHUH�VXSSRVHG�WR�EH�RI�HTXDO�PD[LPXP�
GHQVLW\�DQG�WKLFNQHVV��DFFRUGLQJ�WR�WKH�VHOHFWLRQ�FULWHULD�DQG�LUUHVSHFWLYH�WR�WKH�
WRWDO�VXUIDFH�DUHD��DQG�ZHUH�WKHUHIRUH�JLYHQ�D�VFRUH�RI���IRU�WKLFNQHVV�DQG���IRU�
GHQVLW\��
�

7DEOH����D��$YHUDJH�FOLQLFDO�VFRUH�DIWHU���ZHHNV�DQG�DIWHU���PRQWKV��
�

�

�

�

�

��
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�� 3URJ�
��
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��
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3URJ�
��

3URJ�
��

3URJ���3URJ�
��

FRQWURO�
3URJ�
��
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3URJ�
��
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3URJ�
��

�� �� �� �� !����� ������ !������������
3URJ�
��

�� �� �� �� �� ��������������������

3URJ�
��

�� �� �� �� �� �� !������������
3URJ�
��

�� �� �� �� �� �� �� �������

�1�%��7KH�ILJXUHV�VKRZQ�UHIHU�WR�S�YDOXH�IRU�XQSDLUHG�VWXGHQW�
7�WHVW�FRPSDULQJ�WKH�FRUUHVSRQGLQJ���JURXSV���

7DEOH���E��&RPSDUDWLYH�DQDO\VLV�RI�WKH�HDUO\�FOLQLFDO�VFRUH��
�DIWHU���ZHHNV��
�
�

�
�
�
�
�
�
�
�
�
�
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3URJ�
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FRQWURO�
3URJ�
��
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�� �� �� �� ������!�����!������������
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3URJ�
��

�� �� �� �� �� �� !������������
3URJ�
��
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�1�%��7KH�ILJXUHV�VKRZQ�UHIHU�WR�S�YDOXH�IRU�XQSDLUHG�VWXGHQW�
7�WHVW�FRPSDULQJ�WKH�FRUUHVSRQGLQJ���JURXSV���

7DEOH���F��&RPSDUDWLYH�DQDO\VLV�RI�WKH�ODWH�FOLQLFDO�VFRUH���
�DIWHU����ZHHNV��
��

+LVWRSDWKRORJLFDOO\��PDQ\�RI�WKH�KDLU�IROOLFOHV��DIWHU���ZHHNV��
DSSHDUHG�GLVWRUWHG�ZLWK�VRPH�VKRZLQJ�IRUPDWLRQ�RI�GLODWHG�F\VWLF�
VWUXFWXUHV��WULFKLOHPPDO�F\VW�OLNH��WKDW�ZHUH�ILOOHG�ZLWK�ODPLQDWHG�
NHUDWLQRXV�PDWHULDO�DQG�OLQHG�ZLWK�VWUDWLILHG�VTXDPRXV�HSLWKHOLXP��
7KH�ODWWHU�ZDV��VRPHWLPHV��WKLQQHG�RXW�DQG�DWURSKLF�DQG��LQ�RWKHU�
LQVWDQFHV��DSSHDUHG�WKLFN�DQG�K\SHUSODVWLF��,QWDFW�KDLU�IROOLFOHV�ZHUH�
LQ�JHQHUDO�IHZ�DQG�PLQLDWXUL]HG��$VVLJQPHQW�WR�RQH�RI�WKH�W\SLFDO�
VWDJHV�RI�KDLU�F\FOH�ZDV�QRW�DOZD\V�SRVVLEOH��+RZHYHU��VRPH�
IROOLFOHV�DSSHDUHG�WR�EH�LQ�WKH�HDUO\�DQDJHQ�SKDVH�ZLWK�HYLGHQFH�RI�
VHFRQGDU\�KDLU�JHUP�EHORZ�WKH�ORZHU�HQG�RI�ODWH�WHORJHQ�IROOLFOH��
2WKHUV�ZHUH�LQ�WKH�FDWDJHQ�VWDJH�ZLWK�HYLGHQFH�RI�EHJLQQLQJ�
GHJHQHUDWLRQ�LQ�WKH�ORZHU�KDOI�RI�KDLU�IROOLFOH��6\QFKURQL]DWLRQ�ZDV�
QRW�HYLGHQW�LQ�PRVW�VHFWLRQV�VWXGLHG��6RPH�IROOLFXODU�VWUXFWXUHV�
VKRZHG�HYLGHQFH�RI�PLOG�VHSDUDWLRQ�IURP�WKH�VXUURXQGLQJ�
FRQQHFWLYH�WLVVXH�VKHDWK��7KH�SHULIROOLFXODU�DUHD�FRPPRQO\�VKRZHG�
GHQVH�KRPRJHQL]HG�FROODJHQ�ZKLOH�LQ�VRPH�ILHOGV�UHPQDQWV�RI�PLOG�
WR�PRGHUDWH�GLIIXVH�PRQRQXFOHDU�LQILOWUDWH�FRXOG�EH�VHHQ�
WKURXJKRXW�WKH�GHUPLV�QRW�RQO\�DURXQG�WKH�KDLU�IROOLFOH��7KH�



(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO������������������������9RO����1R������'HFHPEHU������

� �������

FKDQJHV�ZHUH�VLPLODU�IRU�DOO�SURJUDPV�XWLOL]HG�ZLWK�VRPH�FDVH�WR�
FDVH�YDULDWLRQV�WKDW�ZHUH�PRVWO\�LQ�WKH�GHJUHH�UDWKHU�WKDQ�WKH�QDWXUH�
RI�WKH�ILQGLQJV�REVHUYHG���ILJ����

��

�

�
)LJ�������'LVWRUWHG�WKLFN�IROOLFXODU�VWUXFWXUHV�ZLWK�VRPH�
IRUPLQJ�ODUJH�F\VWV�WKDW�DUH�ILOOHG�ZLWK�ORRVH�ODPLQDWHG�
NHUDWLQ�DQG�OLQHG�E\�WKLQQHG�RXW�VWUDWLILHG�VTXDPRXV�
HSLWKHOLXP��7KH�SHULIROOLFXODU�DUHD�VKRZV�GHQVH�K\DOLQL]HG�
FROODJHQ��7KH�RYHUO\LQJ�HSLGHUPLV�LV�XQDIIHFWHG��>+	(@���
>2ULJLQDO�PDJQLILFDWLRQ���;����@���/DVHU�WUHDWHG�VNLQ���
,PPXQRKLVWRFKHPLFDOO\��DOO�ODVHU�SDUDPHWHU�VHWWLQJV�FRXOG�

DOVR�JLYH�VWDWLVWLFDOO\�VLJQLILFDQW�UHGXFWLRQ�LQ�/()���VFRUH�DV�D�
PDUNHU�RI�KDLU�PDWUL[�FHOOV��S��������DV�ZHOO�DV�LQ�&.����VFRUH�DV�
D�PDUNHU�RI�IROOLFXODU�VWHP�FHOOV��S��������DV�HYDOXDWHG���ZHHNV�
DIWHU�WKH�ODVW�VHVVLRQ��$JDLQ��QR�VLJQLILFDQW�GLIIHUHQFH�FRXOG�EH�VHHQ�
EHWZHHQ�GLIIHUHQW�SDUDPHWHUV�H[FHSW�IRU�WKH�����QP������PP�����
PLOOLVHFRQG�SURJUDP�DQG�����QP�����PP�����PLOOLVHFRQG�SURJUDP�
ZKLFK�VKRZHG�VLJQLILFDQWO\�OHVV�UHGXFWLRQ�LQ�WKH�LQWHQVLW\�RI�/()���
LPPXQRUHDFWLYLW\�FRPSDUHG�WR�RQH�RU�PRUH�RI�RWKHU�SURJUDPV��
'HWDLOHG�UHVXOWV�RI�WKH�VHPLTXDQWLWDWLYH�DVVHVVPHQW�RI�/()���
LPPXQRUHDFWLYLW\���ZHHNV�DIWHU�WKH�VHFRQG�VHVVLRQ�DUH�VKRZQ�LQ�
WDEOHV����D	E��
��
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�

6FRUH���
�����������3URJUDP���
�����������3URJUDP���
������������3URJUDP���
������������3URJUDP���
����������3URJUDP���
����������3URJUDP���
�����������3URJUDP���
��&RQWURO�

�
7KH�ILJXUHV�UHIHU�WR�WKH�DYHUDJH�JUDGH�IRU�WKH�SHUFHQWDJH�RI�
UHGXFWLRQ�LQ�WKH�PHDQ�ZHLJKWHG�VFRUH�RI�/()����YH�FHOOV�FDOFXODWHG�
IRU�DOO�DUHDV�WUHDWHG�E\�WKH�FRUUHVSRQGLQJ�SURJUDP�LQ�FRPSDULVRQ�WR�
WKH�FRQWURO�VNLQ�

7DEOH����D��$YHUDJH�/()���VFRUH�DIWHU���ZHHNV��
�

��

�� 3URJ�
��

3URJ�
��

3URJ�
��

3URJ�
��

3URJ���3URJ�
��

3URJ�
��

FRQWURO�
3URJ�
��

�� !�����!������������������!�����!������������
3URJ�
��

�� �� !�����!����������� !�����!������������
3URJ�
��

�� �� �� !����������� !�����!������������
3URJ�
��

�� �� �� �� !����� !�����!������������
3URJ�
��

�� �� �� �� �� �������������������

3URJ�
��

�� �� �� �� �� �� !������������
3URJ�
��

�� �� �� �� �� �� �� �������

�1�%��7KH�ILJXUHV�VKRZQ�UHIHU�WR�S�YDOXH�IRU�XQSDLUHG�VWXGHQW�
7�WHVW�FRPSDULQJ�WKH�FRUUHVSRQGLQJ���JURXSV���

7DEOH���E��&RPSDUDWLYH�DQDO\VLV�RI�WKH�/()���VFRUH���
�
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6FRUH���
����������3URJUDP���
����������3URJUDP���
�����������3URJUDP���
������������3URJUDP���
����������3URJUDP���
�����������3URJUDP���
�����������3URJUDP���
��&RQWURO�

7KH�ILJXUHV�UHIHU�WR�WKH�DYHUDJH�JUDGH�IRU�WKH�SHUFHQWDJH�RI�
UHGXFWLRQ�LQ�WKH�PHDQ�ZHLJKWHG�VFRUH�RI�&.�����YH�FHOOV�IRU�DOO�DUHDV�
WUHDWHG�E\�WKH�FRUUHVSRQGLQJ�SURJUDP�LQ�FRPSDULVRQ�WR�WKH�FRQWURO�VNLQ�

7DEOH����D��$YHUDJH�&.����VFRUH�DIWHU���ZHHNV���
+DLU�PDWUL[�FHOOV��/()����YH�FHOOV��FRXOG�QRW�EH�LGHQWLILHG�LQ�

PRVW�WUHDWHG�VHFWLRQV�VWXGLHG�LQGLFDWLQJ�DEVHQFH�RI�DQDJHQ�IROOLFOHV��
:KHQ�SUHVHQW��WKH\�ZHUH��LQ�JHQHUDO��OHVV�LQWHQVHO\�VWDLQHG�WKDQ�
FRQWURO�VNLQ�DQG�RFFXSLHG�PXFK�VPDOOHU�DUHDV�DW�WKH�ORZHU�HQG�RI�
WKH�IROOLFOHV��WKH�EXOE��ZKLFK��LQ�WXUQ��DSSHDUHG�WR�EH�PLQLDWXUL]HG��
>)LJV����D�E�DQG�ILJ����@��

�

�
)LJV����D	E��/()����YH�KDLU�PDWUL[�FHOOV��EURZQ�QXFOHDU�
VWDLQLQJ��LQ�WKH�EXOE�UHJLRQ���8QWUHDWHG�VNLQ��
�
)LJV����F	G��$QDJHQ�IROOLFOH�ZLWK�&.����YH�FHOOV��EURZQ��
IRUPLQJ�D�WKLQ�F\OLQGHU�RI�EDVDO�FHOOV�LQ�WKH�RXWHU�URRW�VKHDWK�
RI�PLG�IROOLFXODU�DUHD��"LVWKPXV����%UDFNHWV�UHIHU�WR�&.����
�FHOOV����8QWUHDWHG�VNLQ��� �
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,Q�FRQWUDVW��LPPXQRUHDFWLYLW\�IRU�KDLU�IROOLFOH�VWHP�FHOOV�FRXOG�
EH�LGHQWLILHG�LQ�RQH�RU�PRUH�VHFWLRQV�RI�PRVW�RI�WKH�ELRSVLHV�VWXGLHG�
EXW�DJDLQ�ZLWK�PDUNHG�YDULDWLRQ�LQ�WKH�GHQVLW\�DQG�ORFDWLRQ�RI�
ODEHOHG�FHOOV��,Q�FRQWURO�VNLQ��WKH\�DSSHDUHG�DV�WKLQ�QDUURZ�DUHD�LQ�
WKH�EDVDO�OD\HU�RI�WKH�RXWHU�URRW�VKHDWK�LQ�WKH�ORZHU�LVWKPXV��
>)LJV����F�G@��

�

�
)LJV����D�E	F��/()����YH�PDWUL[�FHOOV�LQ�D�FRQH�VKDSHG�
DUHD�DW�WKH�ORZHU�HQG�RI�PLQLDWXUL]HG�KDLU�IROOLFOHV���/DVHU�
WUHDWHG�VNLQ�� �
+LVWRORJLFDOO\��WKH�DUHD�RI�WKH�VR�FDOOHG�EXOJH�FRXOG�QRW�EH�

LGHQWLILHG�LQ�PRVW�ELRSVLHV�H[DPLQHG��,Q�WKH�WUHDWHG�DUHDV��WKH�&.�
���YH�FHOOV�VKRZHG�ORZHU�LQWHQVLW\�RI�LPPXQRUHDFWLYLW\��RFFXSLHG�
D�VPDOOHU�DQG�WKLQQHU�DUHD�DURXQG�WKH�KDLU�IROOLFOH�DQG�ZHUH�
LGHQWLILHG�LQ�RQO\�D�VPDOO�IUDFWLRQ�RI�VOLGHV�H[DPLQHG�IRU�HDFK�
ELRSV\��7KH\�FRXOG�EH�LGHQWLILHG�HYHQ�DURXQG�VRPH�RI�WKH�GLVWRUWHG�
F\VWLF�VWUXFWXUHV�WKRXJK�LQIUHTXHQWO\��,Q�RWKHU�DUHDV��WKH\�DSSHDUHG�
WR�RFFXS\�WKH�VHFRQGDU\�JHUP�RU�IRUP�PXOWLSOH�EXOJH�OLNH�
IRUPDWLRQV�EHORZ�D�ODWH�WHORJHQ�IROOLFOH��SUREDEO\�LQGLFDWLQJ�HQWU\�
LQWR�HDUO\�DQDJHQ�VWDJH���,Q�RWKHU�DUHDV��WKH\�ZHUH�VHHQ�WR�RFFXS\�
WKH�LVWKPLF�UHJLRQ�LQ�WKH�XSSHU�SDUW�RI�D�FDWDJHQ�IROOLFOH��,Q�DUHDV�RI�
DQDJHQ�OLNH�IROOLFOHV��WKH\�DSSHDUHG�WR�EH�VLWXDWHG�LQ�WKH�PLG�
IROOLFXODU�UHJLRQ��VXSSRVHG�ORFDWLRQ�RI�ORZHU�LVWKPXV���>ILJ����@�

��
�
�
�
�
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�

�

�
)LJV����D�WR�G��&\VWLF�IROOLFXODU�VWUXFWXUHV�ZLWK�IDLQW�
VWDLQLQJ�IRU�&.����YH�FHOOV�LQ�WKH�EDVDO�OD\HU�RI�WKH�RXWHU�
URRW�VKHDWK�RI�PLGIROOLFXODU�DUHD���%UDFNHWV�UHIHU�WR�&.����
�FHOOV����/DVHU�WUHDWHG�VNLQ��
�
)LJ����H��0RUSKRORJLF�EXOJHV�VKRZLQJ�SRVLWLYH�VWDLQLQJ�IRU�
&.�����%UDFNHWV�UHIHU�WR�&.�����FHOOV����/DVHU�WUHDWHG�
VNLQ��
�
)LJ����I��&DWDJHQ�IROOLFOH�ZLWK�&.�����FHOOV�DW�WKH�ORZHU�
SRUWLRQ�RI�LVWKPXV�DERYH�WKH�GHJHQHUDWLQJ�ORZHU�IROOLFOH��
�%UDFNHWV�UHIHU�WR�&.�����FHOOV����/DVHU�WUHDWHG�VNLQ��
�� �

�
'HWDLOHG�UHVXOWV�RI�VHPLTXDQWLWDWLYH�DVVHVVPHQW�RI�&.�����YH�FHOOV�
DUH�VKRZQ�LQ�WDEOHV�����D�	�E��7KH�UHGXFWLRQ�ZDV�VLJQLILFDQW�LQ�DOO�
FDVHV�WUHDWHG��S��������EXW�ZDV�PRVW�PDUNHG�ZLWK������QP�
�HVSHFLDOO\�WKH�VXSHU�ORQJ�SXOVH�SURJUDP�QXPEHU����DQG�DJDLQ�ZDV�
VLJQLILFDQWO\�OHVV�ZLWK�SURJUDP����
�
�
�
�
�
�
�
�
�
�
�
�
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3URJ�
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�1�%��7KH�ILJXUHV�VKRZQ�UHIHU�WR�S�YDOXH�IRU�XQSDLUHG�VWXGHQW�
7�WHVW�FRPSDULQJ�WKH�FRUUHVSRQGLQJ���JURXSV���

7DEOH���E��&RPSDUDWLYH�DQDO\VLV�RI�WKH�&.����VFRUH��
��

6RPH�GHJUHH�RI�FRUUHODWLRQ��WKRXJK�QRW�VWURQJ��FRXOG�EH�VHHQ�
EHWZHHQ�WKH�FOLQLFDO�VFRUH�DW���ZHHNV�DQG�WKDW�DW���PRQWKV��6WURQJ�
QHJDWLYH�FRUUHODWLRQ�FRXOG�EH�DOVR�VHHQ�EHWZHHQ�/()���VFRUH�DQG�
WKH�HDUO\�EXW�QRW�WKH�ODWH�FOLQLFDO�VFRUH��2Q�WKH�RWKHU�KDQG��ERWK�
HDUO\�DQG�ODWH�FOLQLFDO�VFRUHV�VKRZHG�VWURQJ�QHJDWLYH�FRUUHODWLRQ�
ZLWK�&.����VFRUH��3RVLWLYH�FRUUHODWLRQ�FRXOG�EH�VHHQ�EHWZHHQ�&.�
���DQG�/()���VFRUHV���
7DEOH�����
��

�
�
�
�
�
�
�
�
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�
XZY*9 !#9 X[0�YXZY*9 !#9 X[0�YXZ+�\]S	VY*(*-=S
%^X[��./(%^X[��./(%^X[��.[(%^X[��.[(
0#_ ` a�b1�
cRd:e ` f^g

0�_ ` a�b*��h�a	a�i�g
����

������
Y*(*-=S j�kRl m#n[mRoj�kRl p3k3k#nkRl q3n/p3p�o

%^X[��./(
XZ+#\BS	V j�kRl r3k3q�qj�kRl q/r�q

%^X[��./(
XZY*9 !#9 X[0�Y
%^X[��./(

kRlBnZm&o/r/m

0�_ ` a�b*��h�a	a�i�g

XZY*9 !#9 X[0�Y
%^X[��./(
0#_ ` a�b1��U
h�a	a�i^g

�
�ILJXUHV�UHSUHVHQW�FRUUHODWLRQ�FRHIILFLHQW��

7DEOH�����&RUUHODWLRQ�PDWUL[��VKRZLQJ�WKH�GHJUHH�RI�
FRUUHODWLRQ�EHWZHHQ�FOLQLFDO��/()���DQG�&.����VFRUHV��

��
'LVFXVVLRQ�

6HYHUDO�DWWHPSWV�KDYH�EHHQ�PDGH�WR�DVVHVV�GHJUHH�RI�
SHUPDQHQF\�LQ�KDLU�UHPRYDO�E\�ODVHUV��7KH�FRQVHQVXV�LV�WKDW�ODVHUV�
ZRXOG�LQGXFH�FRPSOHWH�EXW�WHPSRUDU\�KDLU�UHPRYDO��GXH�WR�
SUHPDWXUH�HQWU\�RI�KDLU�IROOLFOH�LQWR�WHORJHQ��DQG�ORQJ�WHUP�EXW�
SDUWLDO�UHGXFWLRQ�RI�WKH�KDLU��GXH�WR�VWUXFWXUDO�GDPDJH�ZLWK�
IROOLFXODU�PLQLDWXUL]DWLRQ�DQG�SHULIROOLFXODU�ILEURVLV��>�@�

$�QXPEHU�RI�WKHUDSHXWLF�HIIHFWV�KDYH�EHHQ�VXJJHVWHG�DV�
HVVHQWLDO�SUHUHTXLVLWHV�IRU�SHUPDQHQW�UHVXOWV��$W�ILUVW��LW�ZDV�
VXJJHVWHG�WKDW�LQYROYHPHQW�RI�WKH�EXOE�LV�WKH�PRVW�LPSRUWDQW�
HIIHFWRU��0RUH�UHFHQWO\��OLJKW�KDV�EHHQ�IRFXVHG�RQ�WKH�LPSRUWDQFH�
RI�WDUJHWLQJ�VWHP�FHOOV�>����@�

+RZHYHU��WKHUH�LV�QRZ�JURZLQJ�LQWHUHVW�LQ�WKH�UROH�RI�GHUPDO�
SDSLOOD�VR�WKDW�LWV�LQYROYHPHQW�E\�ODVHU�KDV�EHHQ�VXJJHVWHG�DV�
HVVHQWLDO�IRU�DQ\�ORQJ�WHUP�HIIHFW�RQ�VXEVHTXHQW�KDLU�
JURZWK>�����������@�

'LIILFXOWLHV�WR�DVVHVV�WKH�UHVXOWV�RI�DQ\�KDLU�WUHDWPHQW�
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SURFHGXUH�VWHP�IURP�WKH�QHHG�WR�ZDLW�IRU�UHODWLYHO\�ORQJ�WLPH�WR�
REVHUYH�WKH�FOLQLFDO�ORQJ�WHUP�HIIHFWV��WKH�LPSUDFWLFDO�QHFHVVLW\�WR�
WDNH�ELRSVLHV�IURP�WKH�KDLU�EHDULQJ�DUHDV�DQG�WKH�LQDELOLW\�WR�
FRQWLQXH�HYDOXDWLRQ�RYHU�PXOWLSOH�VHVVLRQV�RQ�WKH�VDPH�VSRW�RQFH�D�
ELRSV\�KDV�EHHQ�WDNHQ�>�@�

0RVW�RI�WKH�SUHYLRXV�VWXGLHV�RQ�KDLU�UHPRYDO�E\�ODVHU�ZHUH�
PHDQW�ZLWK�FOLQLFDO�DVVHVVPHQW�DQG�HYHQ�WKRXJK�WKH�HYDOXDWLRQ�KDV�
QRW�EHHQ�FDUULHG�RXW�IRU�D�VXIILFLHQW�SHULRG�RI�WLPH�>�@�6RPH�
VWXGLHV��KRZHYHU��DGGUHVVHG�WKH�KLVWRSDWKRORJLFDO�DVSHFWV�RI�ODVHU�
LQGXFHG�FKDQJHV�>�����@�

7R�RXU�NQRZOHGJH��WKLV�LV�WKH�ILUVW�VWXG\�WR�H[SORUH�WKH�HIIHFW�
RI�ODVHU�RQ�KDLU�IROOLFOH�VWHP�FHOOV��7LOO�UHFHQWO\��LW�ZDV�VRPHZKDW�
GLIILFXOW�WR�ODEHO�KDLU�IROOLFOH�VWHP�FHOOV�IRU�WKH�SXUSRVH�RI�UHVHDUFK�
VWXGLHV��(DUOLHU�DWWHPSWV�UHOLHG�XSRQ�GHWHFWLRQ�RI�FRORQ\�IRUPLQJ�
DELOLWLHV�RI�LVRODWHG�FHOOV��2WKHUV�UHSRUWHG�WKH�XVH�RI�"��LQWHJULQ�DV�D�
VWHP�FHOO�PDUNHU�ZLWK�VRPH�UHVHUYDWLRQV�DV�UHJDUGV�VSHFLILFLW\�DQG�
VHQVLWLYLW\�>��@�0RUH�UHFHQWO\��F\WRNHUDWLQ�����DQ�LQWHUPHGLDWH�
ILODPHQW�SURWHLQ�H[SUHVVHG�E\�IROOLFXODU�VWHP�FHOOV�DQG�IHWDO��EXW�QRW�
DGXOW��VNLQ�FHOOV��KDV�EHHQ�VXJJHVWHG�DV�D�KDLU�IROOLFOH�VWHP�FHOO�
PDUNHU�RI�KLJK�GHJUHH�RI�VHQVLWLYLW\�DQG�VSHFLILFLW\�>��@�

,Q�RXU�VWXG\��PRVW�WUHDWPHQW�SDUDPHWHUV�KDYH�\LHOGHG�
FRPSDUDEOH�UHVXOWV�LQ�WHUPV�RI�UHGXFWLRQ�LQ�WKH�FOLQLFDO�VFRUH�
HVWLPDWHG���ZHHNV�DQG���PRQWKV�DIWHU�WKH��QG�VHVVLRQ�H[FHSW�IRU�
VLJQLILFDQWO\�UHGXFHG�HIILFDF\�RI�WKH�VPDOOHU�VSRW�VL]H�RI����PP��DW�
ERWK�IROORZ�XS�YLVLWV��DQG�RI�WKH�UHODWLYHO\�ORQJ�SXOVH�GXUDWLRQ�RI�
���PLOOLVHFRQGV��DW�WKH�ILUVW�IROORZ�XS�RQO\���

7KH�VXSHULRU�UHVXOWV�ZLWK�ODUJHU�VSRW�VL]H�DUH�XQGHUVWDQGDEOH�
NHHSLQJ�LQ�PLQG�VFDWWHULQJ�RI�OLJKW�ZLWKLQ�WKH�WLVVXH��7KH�
GLYHUJHQFH�RI�ODVHU�LQ�D�SULVPDWLF�ZD\�DIWHU�LW�FROOLGHV�ZLWK�VNLQ��
UHVXOWV�LQ�PDUNHG�UHGXFWLRQ�RI�WKH�LUUDGLDQFH�DV�WKH�ODVHU�WUDYHOV�
WKURXJK�WKH�VNLQ��7KH�QDUURZHU�WKH�EDVH�RI�WKH�SULVP�DW�WKH�VNLQ�
VXUIDFH��WKH�JUHDWHU�ZRXOG�EH�WKH�UHGXFWLRQ�LQ�WKH�LUUDGLDQFH�LQ�WKH�
GHSWK�DQG�YLFH�YHUVD��,Q�RWKHU�ZRUGV��ODUJHU�VSRW�VL]HV�ZRXOG�
DFKLHYH�KLJKHU�HQHUJ\�GHQVLWLHV�DW�WKH�WDUJHW�OHYHO�WKDQ�VPDOOHU�VSRW�
VL]HV�LQ�VSLWH�RI�VLPLODU�HQHUJ\�GHQVLW\�DW�WKH�VXUIDFH�>��@�

7KH�DSSDUHQW��RU�LQLWLDO��GHFUHDVH�LQ�WKH�HIILFDF\�DW�WKH�FOLQLFDO�
OHYHO�ZLWK�PRGHUDWH�LQFUHDVH�LQ�WKH�SXOVH�GXUDWLRQ�����
PLOOLVHFRQGV��PD\�EH�H[SODLQHG�LQ�VHYHUDO�ZD\V��)LUVW��WKH�LQFUHDVH�
LQ�GXUDWLRQ�ZRXOG�EH�DFFRPSDQLHG�E\�D�GHFUHDVH�LQ�WKH�HQHUJ\�
GHQVLW\�DQG�FRQVHTXHQWO\�LQ�WKH�SHDN�RI�WKH�WDUJHW�WHPSHUDWXUH��$W�
WKH�VDPH�WLPH��PRGHVW�LQFUHDVH�LQ�WKH�GXUDWLRQ�PD\�QRW�EH�HQRXJK�
WR�DFKLHYH�KHDW�WUDQVIHU�WR�D�VXIILFLHQW�GHJUHH��7KLV�PD\�EH�
DWWULEXWHG�WR�WKH�UHODWLYHO\�ODUJH�DQG�GHHS�QDWXUH�RI�D[LOODU\�KDLU�
IROOLFOH�DQG�FRQVHTXHQWO\�WKH�ORQJ�GLVWDQFH�WKH�KHDW�KDV�WR�WUDYHO�WR�
UHDFK�WKH�EXOJH��,Q�RWKHU�ZRUGV��757�ZRXOG�EH�DOUHDG\�ORQJ�DQG�
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WKH�7'7�VKRXOG�EH�HYHQ�VHYHUDO�WLPHV�WKDW�RI�757�>����������@�
+RZHYHU��WKH�GHOD\HG�IROORZ�XS�FRXOG�VKRZ�UHVXOWV�FRPSDUDEOH�WR�
WKH�DYHUDJH�UHVXOW�LQGLFDWLQJ�WKH�DELOLW\�RI�WKLV�UHODWLYHO\�ORQJ�SXOVH�
WR�DFKLHYH�HIIHFWLYH�IROOLFXODU�GDPDJH��

2Q�WKH�RWKHU�KDQG��VXSHU�ORQJ�SXOVH�VKRZHG�VRPHZKDW�
HQKDQFHG�HIILFDF\�DOWKRXJK�WKH�GLIIHUHQFH�LQ�KDLU�UHGXFWLRQ�ZDV�QRW�
VWDWLVWLFDOO\�VLJQLILFDQW�FRPSDUHG�WR�VRPH�RI�WKH�VKRUWHU�SXOVH�
SURJUDPV����DQG����PVHF���$�SRVVLEOH�H[SODQDWLRQ�IRU�LQVLJQLILFDQW�
GLIIHUHQFH��LQ�FRQWUDVW�WR�ZKDW�LV�H[SHFWHG�DFFRUGLQJ�WR�WKH�
SURSDJDWLRQ�WKHRU\��LV�WKH�UDWKHU�SRRU�DEVRUSWLRQ�RI�1G�<$*�E\�
PHODQLQ��D�IDFW�WKDW�LV�DFWXDOO\�FRPSHQVDWHG�IRU�E\�WKH�SRRUHU�
DEVRUSWLRQ�DW�WKH�VNLQ�VXUIDFH�DQG�WKH�EHWWHU�SHQHWUDWLRQ�RI�WKH������
QP�ZDYH�OHQJWK�>�����@�

$�PRUH�OLNHO\�H[SODQDWLRQ�RI�LQVLJQLILFDQW�HQKDQFHPHQW�RI�
UHVXOWV�LQ�VSLWH�RI�WKHRUHWLFDOO\�EHWWHU�WDUJHWLQJ�RI�VWHP�FHOOV�LV�WKH�
SUHVHQFH�RI�DQRWKHU�UHVHUYRLU�IRU�VORZ�F\FOLQJ�FHOOV��,WR�HW�DO��
������>��@�KDV�GHPRQVWUDWHG�WKH�SUHVHQFH�RI�WKH�VR�FDOOHG�
VHFRQGDU\�JHUP�DQG�FRXOG�LGHQWLI\�LW�YHU\�QHDU�WR�WKH�KDLU�EXOE��
7KLV�PD\�DFW�WR�UHSOHQLVK�VWHP�FHOOV�O\LQJ�KLJKHU�XS�LQ�WKH�EXOJH�LI�
WKH�ODWWHU�KDYH�EHHQ�H[SRVHG�WR�D�VWURQJ�LQVXOW��,Q�WKLV�ZD\��WKH�
WUDGLWLRQDO�ODVHUV�ZLWK�WKHLU�WKHUPRO\WLF�HIIHFW�PRUH�IRFXVHG�RQ�WKH�
ORZHU�SRUWLRQV�RI�KDLU�IROOLFOHV�UDWKHU�WKDQ�EHLQJ�GLVVLSDWHG�RYHU�D�
ODUJH�IURQW�ZRXOG�UHVWRUH�VRPH�FUHGLELOLW\�DV�RSSRVHG�WR�WKH�QHZHU�
JHQHUDWLRQ�RI�VXSHUORQJ�SXOVHG�ODVHUV��

7KH�GHJUHH�RI�LQVXOW�WR�KDLU�PDWUL[�FHOOV�KDV�EHHQ�DVVHVVHG���
ZHHNV�DIWHU�VHFRQG�VHVVLRQ��$OWKRXJK�WKHUH�ZDV�HYLGHQFH�RI�
PDUNHG�VWUXFWXUDO�GDPDJH��DV�VKRZQ�E\�VLJQLILFDQW�UHGXFWLRQ�LQ�
LPPXQRUHDFWLYLW\���WKHUH�ZDV�RQO\�ZHDN�QHJDWLYH�FRUUHODWLRQ�ZLWK�
WKH�FOLQLFDO�VFRUH�DIWHU���PRQWKV��7KLV�PD\�LQGLFDWH�WKDW�KDLU�PDWUL[�
FHOOV�FDQ�QRW�UHSUHVHQW�DQ�DFFXUDWH�LQGLFDWRU�RI�ORQJ�WHUP�ODVHU�
HIIHFWV�DV�ORQJ�DV�WKH�KDLU�IROOLFOH�VWHP�FHOOV�DUH�QRW�VXIILFLHQWO\�
DIIHFWHG��,Q�RWKHU�ZRUGV��WKH�KDLU�PDWUL[�FHOOV��ZKLFK�DUH�OLNHO\�WR�
EH�PRUH�DIIHFWHG�E\�WUDGLWLRQDO�ODVHUV��PD\�VKRZ�HYLGHQFH�RI�
PDUNHG�VWUXFWXUDO�GDPDJH�RQ�WKH�VKRUW�UXQ�ZKLFK�XQOHVV�SDUDOOHOHG�
E\�HTXLYDOHQW�LQYROYHPHQW�RI�IROOLFOH�VWHP�FHOOV�ZRXOG�EH�VKRUW�
ODVWLQJ�ZLWK�FDSDELOLW\�IRU�UHJHQHUDWLRQ��

7KH�VWURQJ�QHJDWLYH�FRUUHODWLRQ�EHWZHHQ�WKH�ORQJ�WHUP�FOLQLFDO�
UHVXOWV��DIWHU���PRQWKV��DQG�WKH�LPPXQRKLVWRFKHPLFDO�ILQGLQJV�IRU�
&.����REVHUYHG�DIWHU���ZHHNV�PD\�KLJKOLJKW�WKH�YDOXH�RI�WDUJHWLQJ�
VWHP�FHOOV�IRU�ORQJ�WHUP�HIILFDF\�DQG�PD\�DOVR�SURYLGH�D�UHOLDEOH�
VKRUW�WHUP�DQG�UHODWLYHO\�UDSLG�SURJQRVWLF�LQGLFDWRU�WR�DVVHVV�WKH�
HIILFDF\�RI�DQ\�QHZO\�LQWURGXFHG�KDLU�WUHDWPHQW�SURFHGXUH��

7KH�PRGHUDWH�GLVFUHSDQF\�EHWZHHQ�WKH�HIIHFWV�RI�ODVHU�RQ�KDLU�
PDWUL[�YHUVXV�KDLU�VWHP�FHOOV�PD\�EH�DWWULEXWHG�WR�WKH�ODVHU�
G\QDPLFV��ZKLFK�QHHGV�D�FKURPRSKRUH�WR�EH�DEVRUEHG��RU�WR�WKH�
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GLIIHUHQFH�LQ�WKH�FHOO�G\QDPLFV�RI�ERWK�FHOO�SRSXODWLRQV��7KH�VORZ�
F\FOLQJ�QDWXUH�RI�VWHP�FHOOV�PD\�OHQG�WKHP�OHVV�YXOQHUDEOH�WR�
GDPDJH�E\�ODVHU�WKDQ�WKH�UDSLGO\�F\FOLQJ�PDWUL[�FHOOV�>�@�6R��DQ�
LQDGHTXDWH�ODVHU�LQVXOW�PD\�EH�MXVW�VXIILFLHQW�WR�LQGXFH�VRPH�VRUW�RI�
WHPSRUDU\�IXQFWLRQDO�LPSDLUPHQW�UDWKHU�WKDQ�D�VWUXFWXUDO�GDPDJH�WR�
WKHVH�VWHP�FHOOV�ZKLFK�SUREDEO\�DIWHU�D�ORQJ�WLPH�RI�ODWHQF\�
EHFRPH�FDSDEOH�DJDLQ�RI�SUROLIHUDWLRQ�WR�UHSOHQLVK�WKH�PRUH�DFXWHO\�
GDPDJHG�KDLU�PDWUL[�FHOOV��7KH�DVVXPSWLRQ�RI�SURORQJHG�ODWHQF\�
PD\�WKXV�H[SODLQ�WKH�GLIIHUHQFH�LQ�WKH�GHJUHH�RI�UHGXFWLRQ�RI�WKH�
WZR�FHOO�SRSXODWLRQV�RQ�WKH�VKRUW�UXQ�LQ�VSLWH�RI�WKH�IDFW�WKDW�WKH�
DFWXDO�VRXUFH�RI�KDLU�PDWUL[�FHOOV�DUH�WKH�KDLU�IROOLFOH�VWHP�FHOOV�
WKHPVHOYHV��

$SDUW�IURP�EHLQJ�D�ORQJ�ODVWLQJ�UHVHUYRLU�WR�UHSOHQLVK�WKH�
UDSLG�F\FOLQJ�EXW�VKRUW�OLYHG�KDLU�PDWUL[�FHOOV��IROOLFXODU�VWHP�FHOOV�
DUH�FKDUDFWHUL]HG�E\�EHLQJ�SHUVLVWHQW�HYHQ�GXULQJ�WKH�FDWDJHQ�DQG�
WHORJHQ�VWDJHV>��@��D�ILQGLQJ�WKDW�GLVWLQJXLVKHV�WKHP�IURP�KDLU�
PDWUL[�FHOOV�DQG�DGGV�DQRWKHU�GLPHQVLRQ�WR�WKHLU�LPSRUWDQFH�IRU�
UHVHDUFK�SXUSRVHV��

:KLOH�LQ�DQLPDO�VWXGLHV��WKH�VWHP�FHOOV�KDYH�EHHQ�VKRZQ�WR�
H[LVW�LQ�D�VSHFLILF�DQDWRPLF�ORFDWLRQ��WKH�VR�FDOOHG�EXOJH�DUHD�DW�WKH�
LQVHUWLRQ�RI�HUHFWRU�SLOL�PXVFOH���VXFK�DQDWRPLF�ODQGPDUN�FRXOG�QRW�
EH�LGHQWLILHG�LQ�WKH�KXPDQ�IROOLFOH��,QVWHDG��WKHUH�LV�HYLGHQFH�LQ�WKH�
KXPDQ�KDLU�IROOLFOH�WKDW�VWHP�FHOOV�PLJKW�RFFXS\�D�PRUH�GLIIXVH�
DUHD�DORQJ�WKH�H[WHUQDO�URRW�VKHDWK�H[WHQGLQJ�ZHOO�GRZQ�FORVH�WR�
WKH�EXOE�>��@�7KLV�KDV�EHHQ�DOVR�VKRZQ�LQ�RXU�VWXG\�ZKHUH�&.����
�YH�FHOOV�FRXOG�EH�LGHQWLILHG�DV�D�WKLQ�EXW�ORQJ�DUHD�DORQJ�WKH�RXWHU�
URRW�VKHDWK�QHDU�WKH�LVWKPLF�UHJLRQ�RI�WKH�DQDJHQ�IROOLFOH�DQG�KLJK�
XS�QHDU�WKH�HSLGHUPLV�LQ�WKH�FDWDJHQ�VWDJH��

,Q�WKH�SUHVHQW�VWXG\��WKH�SHULRG�RI���ZHHNV�ZDV�FKRVHQ�IRU�
KLVWRFKHPLFDO�HYDOXDWLRQ�VR�DV�WR�JLYH�D�FKDQFH�IRU�DQ\�SRVVLEOH�
UHFRYHU\�WR�WDNH�SODFH�DW�WKH�FHOOXODU�OHYHO�WKXV�LQFUHDVLQJ�WKH�
SUREDELOLW\�RI�SHUPDQHQF\�RI�WKH�REVHUYHG�LPPXQRKLVWRFKHPLFDO�
ILQGLQJV�DW�OHDVW�IRU�WKH�VORZ�F\FOLQJ�VWHP�FHOOV��$�WHFKQLFDO�
SUREOHP�ZDV�WR�GLVWLQJXLVK�EHWZHHQ�OLYH�FHOO�DQG�FHOO�GHEULV��DIWHU�
WKHUPDEODWLRQ�E\�ODVHU��DV�WKH�WLVVXH�VHFWLRQ�PD\�RQO\�WUDYHUVH�SDUW�
RI�WKH�QDUURZ�LPPXQRUHDFWLYH�DUHD��7KLV�LV�DQRWKHU�UHDVRQ�IRU�WKH�
WLPLQJ�RI�LPPXQRKLVWRFKHPLFDO�H[DPLQDWLRQ�WR�HQVXUH�WKDW�RQO\�
LQWDFW�FHOOV�ZRXOG�EH�WKHUH�WR�UHDFW�IRU�WKH�FRUUHVSRQGLQJ�PDUNHU��

$Q�LPSRUWDQW�LVVXH�LQ�LQWHUSUHWLQJ�WKH�UHVXOWV�LV�WKDW�HYDOXDWLRQ�
RI�DQ\�ILQGLQJV�VKRXOG�FRQVLGHU�DOWHUHG�G\QDPLFV�RI�WKH�KDLU�IROOLFOH�
DIWHU�ODVHU��7KLV��LQ�IDFW�KDV�UHVXOWHG�LQ�WRR�PXFK�FRQIXVLRQ�LQ�WKH�
OLWHUDWXUH�DV�UHJDUGV�WKH�SURSHU�GXUDWLRQ�DIWHU�ZKLFK�ZH�FRXOG�
DVVHVV�SHUPDQHQF\��:KLOH�VRPH�DXWKRUV�VXJJHVWHG�HYDOXDWLRQ�DIWHU�
D�SHULRG�HTXLYDOHQW�WR�WKH�ORQJHVW�WHORJHQ�SKDVH�RI�WKH�KDLU�IROOLFOH�
LQ�WKH�SDUWLFXODU�DUHD��RWKHUV�H[SUHVVHG�WKH�QHHG�IRU�D�PXFK�ORQJHU�
SHULRG��WKDW�YDULHG�IURP�RQH�DXWKRU�WR�DQRWKHU��WR�JLYH�D�FKDQFH�IRU�
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WKH�KDLU�IROOLFOH�WR�UHFRYHU�IURP�WKH�ODVHU�LQVXOW�>��@�,Q�JHQHUDO��WKH�
QXPEHU�RI�KDLUV�UHJURZLQJ�PXVW�EH�VWDEOH�RYHU�WLPH�JUHDWHU�WKDQ�
WKH�GXUDWLRQ�RI�WKH�FRPSOHWH�JURZWK�F\FOH�RI�KDLU�IROOLFOHV��ZKLFK�
YDULHV�IURP���WR����PRQWKV�DFFRUGLQJ�WR�ERG\�ORFDWLRQ�>�@�

$VVXPLQJ�WKH�YDOLGLW\�RI�SURSDJDWLRQ�WKHRU\��LW�LV�XQH[SHFWHG�
WR�VHH�WKH�ZHOO�NQRZQ�REVHUYDWLRQ�RI�ZHDN�UHVXOWV�ZLWK�ILQH�KDLUV�
ZKHUH�SXOVH�GXUDWLRQ�IDU�H[FHHGV�WKH�757�RI�WKLQ�IROOLFOH�DQG�
FRQVHTXHQWO\�WKH�FKDQFH�IRU�KHDW�WUDQVIHU�LV�HYHQ�PRUH��0RUHRYHU��
WKH�HIILFDF\�RI�ROGHU�ODVHUV��RI�VKRUWHU�SXOVH�GXUDWLRQV��KDV�EHHQ�
FRQILUPHG�LQ�D�ODUJH�SHUFHQWDJH�RI�FDVHV�DFKLHYLQJ�SHUPDQHQW�ORQJ�
WHUP�UHVXOWV��IRU�QRZ�VHYHUDO�\HDUV��>�@�7KLV�PD\�OD\�WKH�SRVVLELOLW\�
WKDW�KDLU�VWHP�FHOO�WDUJHWLQJ�LV�QRW�WKH�HVVHQWLDO��RU�H[FOXVLYH��
SUHUHTXLVLWH�IRU�SHUPDQHQW�UHVXOWV�RU�WKDW�WKH\�FRXOG�EH�DIIHFWHG�LQ�
RQH�ZD\�RU�DQRWKHU�E\�VKRUWHU�SXOVH�ODVHUV��H�J��E\�WUDQVIHU�RI�KHDW�
IURP�DGMDFHQW�IROOLFXODU�RU�KDLU�VKDIW�PHODQLQ���7KH�ODVW�SRVVLELOLW\�
LV�YHU\�OLNHO\�LQ�YLHZ�RI�WKH�ILQGLQJV�RI�WKH�SUHVHQW�VWXG\��

$QRWKHU�LVVXH�LV�WKH�QHHG�WR�FRQVLGHU�VDIHW\�DV�DVWULQJHQWO\�DV�
DVVHVVLQJ�HIILFDF\��,W�LV�IRU�JUDQWHG�WKDW�EHWWHU�UHVXOWV��ZLWK�PRUH�
DEODWLYH�HIIHFW�RQ�WKH�KDLU��FRXOG�EH�DFKLHYHG�E\�PDQLSXODWLQJ�
VRPH�SDUDPHWHUV�LQ�WKH�WUHDWPHQW��H�J��E\�HVFDODWLQJ�WKH�GRVH��EXW�
DW�WKH�H[SHQVH�RI�FRPSURPLVLQJ�VDIHW\��,Q�WKH�VDPH�ZD\��WKH�
FRQFHSW�RI�LQFUHDVLQJ�WKH�SXOVH�GXUDWLRQ�FRXOG�EH�YLHZHG��7ZR�
IDFWRUV�VHHP�WR�OLPLW�WKH�H[DJJHUDWHG�DSSOLFDWLRQ�RI�WKLV�WHFKQLTXH��
)LUVW��LV�WKH�QHHG�WR�LQFUHDVH�WKH�HQHUJ\�IOXHQFH�WR�PDLQWDLQ�DQ�
DFFHSWDEOH�LUUDGLDQFH��GHQVLW\��RYHU�WKLV�ZLGH�SXOVH�GXUDWLRQ��
6HFRQG�LV�WKDW�WKH�VDPH�SULQFLSOH�RI�KHDW�WUDQVIHU�PHDQW�WR�DIIHFW�
WKH�DGMDFHQW�EXOJH�PD\�DOVR�DGYHUVHO\�DIIHFW�RWKHU�DGMDFHQW�
�LQQRFHQW��VWUXFWXUHV�>��@�7KLV�PD\�EH�WKH�UHDVRQ�ZK\�VXSHUORQJ�
SXOVH�ODVHUV�DUH�XVXDOO\�HTXLSSHG�ZLWK�PRUH�WKDQ�RQH�FRROLQJ�
WHFKQLTXH�>�@�

:KDW�DSSOLHV�WR�WKH�D[LOODU\�UHJLRQ�PD\�QRW�QHFHVVDULO\�DSSO\�
WR�RWKHU�DUHDV�NHHSLQJ�LQ�PLQG�WKH�DQDWRPLF��KLVWRORJLF�DV�ZHOO�DV�
SDWKRSK\VLRORJLF�SHFXOLDULWLHV�RI�HDFK�UHJLRQ�>����@�7KH�D[LOOD��IRU�
LQVWDQFH��LV�FKDUDFWHUL]HG�E\�YHU\�ODUJH��GHHS�KDLU�IROOLFOHV�ZLWK�
UHODWLYHO\�ORQJ�WHORJHQ�SKDVH�DQG�D�UHODWLYHO\�VKRUW�DQDJHQ�SKDVH��
3UDFWLFDOO\��LW�LV�RQH�RI�WKH�EHVW�DUHDV�WR�UHVSRQG�WR�ODVHU>��@��VR�WKDW�
DVVHVVPHQW�RI�WKLV�DUHD�PD\�QRW�UHYHDO�VOLJKW�GLIIHUHQFHV�EHWZHHQ�
GLIIHUHQW�ODVHU�WHFKQLTXHV�DQG�PD\�QRW�UHIOHFW�WKH�VLWXDWLRQ�LQ�RWKHU�
KDLU�EHDULQJ�DUHDV�RI�WKH�ERG\��

&RQFOXVLRQ�
$VVHVVPHQW�RI�VWHP�FHOO�LQYROYHPHQW��DW�WKH�UHVHDUFK�OHYHO��

PD\�SURYLGH�D�PRUH�UDSLG��DQG�WKHRUHWLFDOO\�PRUH�FRQILGHQW��
FRQILUPDWLRQ�RI�HIILFDF\�RI�ODVHU��RU�RWKHU�PRGDOLWLHV��LQ�GHDOLQJ�
ZLWK�XQZDQWHG�KDLU��,W�PD\�REYLDWH�WKH�QHHG�IRU�OHQJWK\�IROORZ�XSV�
DQG�DYRLG�WKH�FRQIXVLRQ�GXH�WR�VLWH�WR�VLWH�YDULDWLRQ�LQ�WKH�KDLU�
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ELRG\QDPLF��7KH�VWXG\�FRXOG�DOVR�OHQG�VRPH�FUHGHQFH�WR�WKH�
SURSDJDWLRQ�WKHRU\�DV�D�PRUH�UHOLDEOH�EDVLV�IRU�GHDOLQJ�ZLWK�KDLU�E\�
ODVHUV��

1HYHUWKHOHVV��PDQ\�FRQVLGHUDWLRQV�KDYH�WR�EH�DGGUHVVHG�LQ�
IXWXUH�VWXGLHV�DV�UHJDUGV�WKH�RSWLPDO�SXOVH�GXUDWLRQ�DQG�LWV�UHODWLRQ�
WR�WKH�QRW�\HW�VHWWOHG�ORFDWLRQ�RI�WKH�VWHP�FHOOV��2WKHU�
FRQVLGHUDWLRQV�LQFOXGH�WKH�VLJQLILFDQFH�RI�VHFRQGDU\�JHUPV�DQG�
DOVR�WKH�HVVHQWLDO�UROH�SOD\HG�E\�WKH�GHUPDO�SDSLOOD��,JQRULQJ�WKHVH�
�RU�VLPLODU��LVVXHV�PD\�EH�DPRQJ�WKH�FDXVHV�RI�XQH[SODLQHG�IDLOXUHV�
RU�ODFN�RI�SHUPDQHQW�UHVXOWV��

0RUHRYHU��LQ�YLYR�DVVHVVPHQW�RI�HDFK�WUHDWPHQW�SDUDPHWHU�LQ�
LVRODWLRQ�RYHU�D�ZLGH�VHWWLQJ�UDQJH�DQG�LQ�D�ZLGH�QXPEHU�RI�FDVHV�
�RI�GLIIHUHQW�FRORUV��ZLWK�GLIIHUHQW�KDLU�FKDUDFWHULVWLFV�DQG�LQ�
GLIIHUHQW�DQDWRPLF�ORFDWLRQV��VHHPV�WR�EH�PDQGDWRU\�WR�UHDFK�ILUP�
FRQFOXVLRQV��

5HIHUHQFHV�
�

���/HSVHOWHU��-��DQG�(OPDQ��0����������%LRORJLFDO�DQG�FOLQLFDO�
DVSHFWV�LQ�ODVHU�KDLU�UHPRYDO�-��'HUPDWRO��7UHDWPHQW��������������
�
���/LHZ��6�+����������/DVHU�KDLU�UHPRYDO��JXLGHOLQHV�IRU�
PDQDJHPHQW��$P��-��&OLQ��'HUPDWRO���������������
�
���$OVWHU��7�6����������/DVHU�DVVLVWHG�KDLU�UHPRYDO��UHFHQW�DGYDQFHV�
LQ�WUHDWLQJ�GDUNHU�VNLQ�SKRWRW\SHV��&RVPHWLF�'HUPDWRO���6HSW������
����
�
���$QGHUVRQ��5�5��DQG�3DUULVK��-�$����������6HOHFWLYH�
SKRWRWKHUPRO\VLV��SUHFLVH�PLFURVXUJHU\�E\�VHOHFWLYH�DEVRUSWLRQ�RI�
SXOVHG�UDGLDWLRQ��6FLHQFH��������������
�
���2UW��5�-��DQG�'LHULFN[��&����������/DVHU�KDLU�UHPRYDO��6HPLQ��
&XWDQ��0HG��6XUJ����������������
�
���'LHULFN[��&�&���&DPSRV��9�%��DQG�/LQ��'����������,QIOXHQFH�RI�
KDLU�JURZWK�F\FOH�RQ�HIILFDF\�RI�ODVHU�KDLU�UHPRYDO��/DVHUV�6XUJ��
0HG������VXSSO������
�
���5RJDFKHIVN\��$�6���6LODSXQW��6���*ROGEHUJ��'�-����������
(YDOXDWLRQ�RI�D�QHZ�VXSHU�ORQJ�SXOVHG�����QP�GLRGH�ODVHU�IRU�WKH�
UHPRYDO�RI�XQZDQWHG�KDLU��WKH�FRQFHSW�RI�WKHUPDO�GDPDJH�WLPH��
'HUPDWRO��6XUJ���������������
�
���)LVNHUVWUDQG��(�-���6YDDVDQG��/�2��DQG�1HOVRQ��-�6����������+DLU�
UHPRYDO�ZLWK�ORQJ�SXOVHG�GLRGH�ODVHUV��D�FRPSDULVRQ�EHWZHHQ�WZR�
V\VWHPV�ZLWK�GLIIHUHQW�SXOVH�VWUXFWXUHV��/DVHUV�6XUJ��0HG��������
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��������
�
���$OWVKXOHU��*�%���$QGHUVRQ��5�5��DQG�0DQVWHLQ��'���������
([WHQGHG�WKHRU\�RI�VHOHFWLYH�SKRWRWKHUPRO\VLV��/DVHUV�6XUJ��0HG��
�������������
�
����&KDQ��(���*DW��8���0F1LII��-�0��DQG�)XFKV��(����������$�
FRPPRQ�KXPDQ�VNLQ�WXPRXU�LV�FDXVHG�E\�DFWLYDWLQJ�PXWDWLRQV�LQ�
��FDWHQLQ�1DWXUH�*HQHWLFV�����������������
�
����&RWVDUHOLV��*����������*HQH�H[SUHVVLRQ�SURILOLQJ�JHWV�WR�WKH�URRW�
RI�KXPDQ�KDLU�IROOLFOH�VWHP�FHOOV��-�&OLQ��,QYHVW����������������
�
����*UDSKSDG�VRIWZDUH�GRZQORDGHG�IURP�WKH�ZHEVLWH��
KWWS���ZZZ�JUDSKSDG�FRP�TXLFNFDOFV�WWHVW��FIP�
�
����*UDSKSDG�VRIWZDUH�GRZQORDGHG�IURP�WKH�ZHEVLWH��
KWWS���FDOFXODWRUV�VWDW�XFOD�HGX�FRUUHODWLRQ�SKS�
�
����&RWVDUHOLV��*���6XQ��7�7��DQG�/DYNHU��5�0����������/DEHO�
UHWDLQLQJ�FHOOV�UHVLGH�LQ�WKH�EXOJH�DUHD�RI�SLORVHEDFHRXV�XQLW��
LPSOLFDWLRQV�IRU�IROOLFXODU�VWHP�FHOOV��KDLU�F\FOH��DQG�VNLQ�
FDUFLQRJHQHVLV��&HOO���������������
�
����:DWW��)�0��DQG�+RJDQ��%�/�0����������2XW�RI�(GHQ��VWHP�FHOOV�
DQG�WKHLU�QLFKHV��6FLHQFH������������������
�
����2OLYHU��5�)����������7KH�H[SHULPHQWDO�LQGXFWLRQ�RI�ZKLVNHU�
JURZWK�LQ�WKH�KRRGHG�UDW�E\�LPSODQWDWLRQ�RI�GHUPDO�SDSLOODH��-��
(PEU\RO��([S��0RUSK��������������
�
����+ROHFHN��%�8��DQG�$FNHUPDQ��$�%����������%XOJH�DFWLYDWLRQ�
K\SRWKHVLV��LV�LW�YDOLG"�$P��-��'HUPDWRO���������������
�
����2OLYHU��5�)����������7KH�LQGXFWLRQ�RI�KDLU�IROOLFOH�IRUPDWLRQ�LQ�
WKH�DGXOW�KRRGHG�UDW�E\�YLEULVVD�GHUPDO�SDSLOODH��-��(PEU\RO��([S��
0RUSKRO�����������"����
�
����$OVWHU��7�6����������ODVHU��DVVLVWHG�KDLU�UHPRYDO��,Q��0DQXDO�RI�
&XWDQHRXV�ODVHU�7HFKQLTXHV��7�6��$OVWHU��3KLODGHOSKLD��/LSSLQFRWW�
5DYHQ��3S���������
�
����*URVVPDQ��0�&���'LHULFN[��&���)DULQHOOL��:���)ORWWH��7��DQG�
$QGHUVHQ��5�5����������'DPDJH�WR�KDLU�IROOLFOHV�E\�QRUPDO�PRGH�
UXE\�ODVHU�SXOVHV��-��$P��$FDG��'HUPDWRO����������������
�
����-DKRGD��&��DQG�5H\QROGV��$����������6NLQ�VWHP�FHOOV���D�KDLU\�
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